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Abstract 
In this work, an optimized computer controlled electrochemical cell were designed and constructed. This Electrolytic cell was 
used for etching latent ion tracks and electrochemical deposition of wires in pores of etched-ion tracks foils. The applied voltage 
and current through the electrochemical cell during the etching and electrodeposition were measured and monitored in real time 
by a Data Analysis system. Monitoring the current time curve during the filling of pores and growth of micro and nano wires 
allows one to stop the deposition process after a given time to obtain nano- and micro wire of a predefined length. In this work, 
Design and manufacture of a sealed electrochemical cell was done in a manner that one can change distance between electrodes 
and geometry of cathodes. Data analysis system was used to measuring and monitoring of applied voltage and current through 
the cell consists of three parts: Amplifier, Data acquisition (DAQ) system and Software. A current amplifier that used in data 
analysis system is a log ratio amplifier. A log ratio amplifier provides an output voltage proportional to the log base 10 of the 
ratio input current I1 (current during the electrodeposition of wire in cell) and Input current I2(flexible current of precision current 
source). A DAQ reading output voltage of amplifier and send to Computer. With lab view software analyzed the voltage and 
converted to the current corresponding to the electrodeposition of wires. Current amplifier designed and built in this work is a 
noise suppression that can measure small current through the cell with high accuracy. Advantage of proposed log ratio amplifier 
is one can used this amplifier for measuring and monitoring of current during the filling of pores and growth of wires in the 
etched ion track foils with various track density. 
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1. intruduction 
Nowadays one of materials that are very interesting in various sciences, are nano and micro-wires Lupu 
(2010). Because of the special geometric structure, and special features that they have, nano and micro wires have a 
lot of attention due to a large variety of application such as its application in electronic circuits and components, 
magnetic parts, chemical and biological sensors Lieber (2007) and Dubois et al. (1999), and so on. One of the 
common techniques is employed in growth of nano and micro wire Fleisher et al. (1975), Waheed et al. (2009) and 
Huber et al. (1994) is template replication methods. This method based on filling a nano and micro porous 
membranes with a favorite material, resulting in large array of wires. Suitable Method to filling of pores and 
fabricate nanowire in porous membrane is electrochemical deposition (ECD) method. One of the basic tools for the 
growth of wires in porous membranes by electrochemical methods is electrochemical cell and data analysis system. 
In this work, an optimized electrochemical cell and its associated data analysis system to monitor and study of filling 
of pores into etched ion track membrane and growth of nano- and micro- wires have been designed and implemented.  
2. Experimental techniques 
2.1. Design and construction of electrochemical cell 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. (a) Designed electro chemical cell by solid work (b) and (c) Electrochemical cell for deposition of copper.  
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A requirement for filling pores in etched ion track foils and the fabrication of nano and micro wires by 
electrochemical method is electrochemical cell. An Electrochemical Cell that designed and implemented are shown 
in Figures 1 (a), (b) and (c). Figure 1 (a) shows a schematic cross section of the electrochemical cell designed by 
Solid Work software and then electrochemical cell was constructed with the suitable material. Two different view of 
the constructed electrochemical cell are shown in Figures 1 (b) and (c). Electrochemical cell consists of two half 
cells in order to perform the etching process and the growth of wire in the etching ion track (pores). Two rectangular 
pieces (two half cells) of Teflon have two bungs of Plexiglas, placed opposite each other; form the main part of the 
cell. Three holes to put the electrodes embedded on bungs. Cell body is made of aluminum act as electrical shielding 
as well as the thermal shield. The various components of the electrochemical cell are shown in Figures 1 (b) and (c). 
Etched ion-track membrane was inserted into electrochemical cell with flat sealing surfaces facing the central 
membrane.  
2.2. Data analysis system for real time monitoring of growth wires  
In order to monitoring the filling of pores and growth of wire in electrochemical cell, data analysis system is 
needed. Data analysis system by recording current of electrochemical cell during the filling of pores, filling of pores 
and growth of wires will monitored. The data analysis system includes amplifier, data acquisition and virtual 
instrument. 
The amplifier: Since the amount of current passing through the electrode related to the density and diameter of 
nano and micro pores in etched ion-track membrane, so the current amount can be limited variable depending on the 
density of pores wide dynamic range nearly from 10 pA to 1mA. So in this case, the best option for signal 
processing is to use a logarithmic ratio circuit Razavi, (2002) and Handbook (2004). In this work, a logarithmic 
amplifier output current circuit electrochemical cell was used in the fabrication of nano and micro wires. The 
amplifier output voltage is equal logarithm ratio of I1 to I2, 12out IIv  . I2 was chosen so that amplifier output 
voltage to be the range of the analog input DAQ. If the Vout be higher than DAQ analog input voltage range, the 
portion of information are not sent to the computer and will be lost and The lack of use maximum limits input 
voltages DAQ means a loss of precision and resolution of cell current information.  
 
 
Fig. 2. The labVIEW front panel of data analysis system. 
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The data acquisition: DAQ is hardware processing, conversion and write signals due to electrical or physical 
phenomenon such as voltage, current, temperature, pressure, or sound to the PC. In fact, DAQ operates as an 
interface between the computer and the signals from the everyday system (such as electrochemical cell) outside the 
computer. DAQ has different types of flexibility; the three main parts of a typical DAQ are measurement and signal 
processing, analog-to-digital converter, signal and communication (Analog to Digital converter) with the computer. 
However, as noted above, for DAQ other functions can be defined that are: outputs digital to analog converter 
(DAC), digital inputs and outputs (Digital Input/output), counters and clocks that are included. 
Virtual instrument: Lab view (laboratory virtual instrument Engineering workbench) is a graphical programming 
language that is widely used for various applications in industry and research. In this project this software that is the 
product of the company National Instrument (NI) has been used. Figure 2 displays Front panel designed for this 
project. As can be seen in the chart amplifier output voltage and output current electrochemical cell as shown in the 
chart. The amount of current and current source is set, and inters the control box. Temperature chart 
shows, instantaneous temperature of the solution inside the cell displayed. 
3. Growth of Cu micro- wire 
Etched Cellulose Nitrate nuclear track detectors that irradiated by 238U ions (kinetic energy 17.7 MeV/u, fluence 
105 ion/cm2) were used as etched- ion track foils. After preparation of the porous etched ion track foil in order to 
filling of pores and growth of wires into pores, the foil was inserted into the cell. CuSO4.5H2O and H2SO4 
solutions were employed as electrolyte. The electrodepositon was performed potentiostatically in a two-electrode 
arrangement cell. Figure 3 (a) shows an example of current-time curve recorded during filling of pores and growth 
of Cu micro-wire by data analysis system. SEM image of Cu micro-wire is shown in Figure 3 (b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. (a) Current-time profile during the wire growth; (b) SEM image of a micro copper wire. 
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4. Conclusion  
It seems that the designed system according to the integrated and simultaneous control of voltage, current and 
temperature of the cell can be very useful in further studies. Using a log ratio amplifier in stage of deposit nano-
wires can be used to make a wide range of current resulting from this process with a very good accuracy for voltage 
amplification and analysis delivered to DAQ, is the main advantages of this set. So that with the help of this 
amplifier, the growth of nano wires current analysis will be possible. Controlling the temperature in the desired 
range, provides good conditions for studying the effect of temperature on the formation of nano-wire and nano 
tracks. The cell is designed in a way that the location of the electrodes and their position can be changed, and 
extensive research on the effects of electromagnetic fields on the specification of nano-wire and Nano tracks due to 
spaces and geometry of electrodes should be conducted. 
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